In the hypophyseal pars tuberalis of guinea pigs, I examined immunohistochemical localization and development of vimentin and S-100 protein in comparison with those of the pars distalis. In the pars distalis, almost all folliculostellate cells expressed intense immunoreactivity for vimentin. A subpopulation of timentin-immunoreactive folliculostellate cells was also immunoreactive for S-100 protein. During fetal development, vimentin-immunoreactive cells appeared at mid-gestation in the pars distalis and became numerous at late stages, whereas only a few S-100 immunoreactive cells were observed even at late stages. In the pars tuberalis, a large number of vimentin-immunoreactive cells were distributed in the cranial region surrounding the median eminence and the dorsocaudal region surrounding the infundibular stalk. These cells, however, were sparse in the ventrocaudal region in continuity with the pars distalis. Con-501
Introduction
The pars tuberalis of the pituitary gland surrounds the infundibular stalk and extends to the rostral end of the median eminence, in close contact with the primary capillary plexus of the hypophyseal portal system. It develops from the anterolateral buds, lateral lobes of Rathke's pouch which originates from pharyngeal epithelium and forms the adenohypophysis primordium. The presence of "invasive" gonadotrophs and thyroid stimulating hormone (TSH)producing cells is known in the pars tuberalis, predominantly around the hypophyseal stalk, of various mammals (Gross, 1984) . The greater part of the pars tuberalis, however, is occupied by either agranular or very sparsely granulated cells, called light microscopically as "chromophobe" cells. These cells are usually classified into two cell types, i.e., specific secretory cells and follicular or interstitial cells, at the electron microscopic level (Dellman et al., 1974; Cameron and Foster, 1972) . The proportion of the specific secretory cells and follicular or interstitial cells in the pars tuberalis appears to differ from species to species. The follicular or interstitial cells have been considered to correspond to folliculostellate cells of the pars distalis. I Correspondence to: Dept. of Anatomy, Kitasato U. School of Medicine, Sagamihara. Kanagawa 228, Japan. versely, dense distribution of S-100 immunoreactive ceh was restricted in the ventrocaudal region. Vimentin-immunereactive cells were elongated and were mostly distributed as solitary cells, whereas S-100 immunoreactive cells were gathered in large or s m a l l cell groups and frequently formed colloid-containing follicles. During fetal development, large cell groups immunoreactive for S-100 protein were detected at late stages in the ventrocaudal region. Therefore, in the pars tuberalis S-100 immunoreactive cells are distinct from the vimentin cells and do not correspond to the folliculostellate cells of the pars distalis. (J Hisrochem Cyrochem 44:501-510, 1996) KEY WORDS: Pars tuberalis; Vimentin; S-100 protein; Colloidcontaining follicles; Folliculostellate cells; Pars distalis; Immunohistochemistry; Guinea pig. Folliculostellate cells of the pars distalis are immunolabeled with different antibodies. The immunoreactive substances located in the cells are extremely species variable; (a) the folliculostellate cells from rats, monkeys, and guinea pigs express immunoreactivity for S-100 protein (Kameda, 1991; Girod et al., 1986; Nakajima et al., 1980) ; (b) the cells from rats, cats, and rabbits express immunoreactivity for vimentin (Marin et al., 1989) ; (c) cells from bull, goat, and sheep express immunoreactivity for epidermal keratins (Shimada, 1992) ; and (d) cells from mice express immunoreactivity for glial fibrillary acidic protein (GFAP) (Inoue et al., 1992) . In particular, coexpression of three kinds of intermediate-sized filaments, vimentin, GFAP, and cytokeratins, in addition to S-100 protein, has been reported in human folliculostellate cells (Kasper et al., 1989; Hofler et al., 1984) . Conversely, little is known about whether or not the cells in the pars tuberalis show immunoreactivity for S-100 protein or intermediate filaments. s-100 protein, highly enriched in neural tissue, is a marker protein for glial cells and Schwann cells (Stefansson et al., 1982; Cocchia, 1981) . It has been considered that S-lo0 protein is a multifunctional protein that plays significant roles in nervous system development and maintenance (see Van Eldik et al., 1992 for review) . Intermediate filaments are the major constituents of the cytoskeletal structure. At least five classes of intermediate filaments have been identified and have specific distributions in different cell types. Vimentin, initially described as char-acteristic for mesenchymal cells, is intensely expressed in immature glial cells and Schwann cells (Stichel et al. 1991; Autilio-Gambetti et al., 1982) . Furthermore, it has been reported that vimentin is observed in astrocytes of adult rat optic nerve (Calvo et al., 1990) . Vimentin is now considered as one of the major components of intermediate filaments of the nervous system.
In guinea pig pars tuberalis, the ventro caudal region surrounding the infundibular stalk exhibits specific features that differ from other regions of the pars tuberalis. It is occupied by colloidcontaining follicles. The cells lining the follicular lumina are packed with vesicular inclusions considered to be distended cisternae of rough endoplasmic reticulum (RER) (Kameda, 1990) . Therefore, the ventrocaudal region represents specific glandular structures consisting of this novel cell type. A large number of gonadotrophs are localized close to the basal portion of the follicular epithelium in the ventrocaudal region. It has been suggested that the pars tuberalis has an as yet unknown but significant function in association with the cells packed with vesicular inclusions. The main purpose of this study was to ascertain whether or not the pars tuberalis cells of guinea pigs express immunoreactivity for S-100 protein or vimentin. In particular, I focused on the immunohistochemical reactions seen in the novel cell type located in the ventrocaudal region of the pars tuberalis. The results may provide insights into potential function for the pars tuberalis. Furthermore, the aim was to identify the types of intermediate filament proteins found in the folliculostellate cells of the guinea pig pars distalis.
Materials and Methods
Male and female guinea pigs (Hartley strain) aged 5 days, 25 days, 3 months, 6 months, 11 months, 15 months, 19 months, and 24-36 months, were used in these experiments. Animals were deeply anesthetized with sodium pentobarbital. Fetuses were collected at 5-day intervals between approximately Day 35 and Day 65 of gestation, although the exact gestational age was not always known. Two to four guinea pigs were examined for each age group.
Pituitary glands were fixed in Bouin's solution for 24-48 hr, embedded in paraffin, and serially sectioned in the sagittal or horizontal plane at a thickness of 5 pm. Selective sections were stained with periodic acid-Shiff (PAS) and hematoxylin for morphological orientation and demonstration of colloid.
Immunohistochemical staining was carried out by the streptavidin-biotin-peroxidase method. Before incubation of primary antibodies, sections were placed in methanolic hydrogen peroxide solution (1 part 3% H202 to 5 parts methanol, v/v) for 30 min at room temperature to exhaust endogenous peroxidase activity. The following primary antibodies were employed: (a) the mouse monoclonal antibody (MAb) V9 to vimentin purified from porcine eye lens; (b) rabbit antiserum to S-100 protein purified from ox brain; (c) rabbit antiserum to GFAP purified from bovine spinal cord; and (d) rabbit antiserum to 50,000-and 58,000-dalton keratins purified from stratum corneum of canine foot-sole epidermis. The vimentin MAb and the polyclonal anti-GFAP antiserum were purchased from Dako (Carpinteria, CA); polyclonal anti-S-100 antiserum was from Milab (Malmo, Sweden); the polyclonal anti-epidermal keratin antiserum was produced in this laboratory. The preparation and characterization of anti-epidermal keratin antiserum have been previously described (Kameda et al., 1987 (Kameda et al., ,1986 . Preliminary trypsinization was done for the immunoreaction of antiepidermal keratin antiserum (Kameda et al., 1986) . Sections were incubated with the primary antibodies for 18 hr at 4"C, then rinsed with PBS. pH 7.3, and incubated for 30 min with biotinylated anti-mouse Ig or anti-rabbit Ig (Amersham; Poole, UK) diluted 1:200. After a rinse in PBS, streptavidin-horseradish peroxidase conjugate (Amersham) diluted 1:300 was applied for 60 min. Visualization of binding sites was accomplished with 3,3'-diaminobenzidine tetrahydrochloride in 0.05 M Tris. pH 7.6, plus 0.01% H202. Control reactions included replacing the primary antibodies with normal (nonimmune) mouse Ig or rabbit Ig, and omission of the primary antibodies. Furthermore, the vimentin antibody was absorbed with an excess of vimentin extracted from canine eye lens. All control sections were negative.
Results

Pars DistaLis
In 3-month-old guinea pigs, a large number of vimentin-immunoreactive cells were distributed throughout the pars distalis ( Figure  1A ). The immunoreactive cells were elongated or irregular in shape and frequently extruded long cytoplasmic processes surrounding unstained secretory cells. They are considered to be folliculostellate cells. S-100-immunoreactive cells were few in number compared with vimentin-immunoreactive cells ( Figure 1B ). A subpopulation of the vimentin-immunoreactive cells expressed immunoreactivity for S-100 protein. Subsequently, vimentin-immunoreactive cells were very numerous in every age group. As described in a previous study (Kameda, 1991) , in the pars distalis of guinea pigs, colloid-containing follicles began to appear at 6 months after birth and progressively increased in number with age. Many follicles were detected in aged animals. The vimentin-immunoreactive cells, as well as S-100-immunoreactive cells, were distributed in the walls of colloidcontaining follicles and bordered on the luminal cavities (Figures 2A and 2B) . In senile guinea pigs over 19 months of age, the population of S-100-immunoreactive cells increased, and in some animals many S-100-immunoreactive cells were observed throughout the pars distalis ( Figure 2B ).
No folliculostellate cells were labeled with the GFAP and epidermal keratin antisera.
During fetal development, vimentin-immunoreactive cells appeared at approximately 40 days of gestation. Thereafter, the cells rapidly increased in number and became numerous at late stages of fetal development ( Figure 3A) . They tended to concentrate in the dorsolateral region. On the other hand, only a few S-100- immunoreactive cells were observed in the pars distalis even at late fetal periods (Figure 3B) .
Pars Tuberah
In the pars tuberalis, immunoreactivity for vimentin and S-100 protein was found in distinct cell types. In the cranial region surrounding the median eminence and the dorsocaudal region surrounding the infundibular stalk, a large population of vimentin-immunoreactive cells was present, but S-100-immunoreactive cells were very sparse ( Figures 4A and 4B ). Most vimentin-immunoreactive cells were distributed as solitary cells and frequently had long cytoplasmic processes. When S-lOO-immunoreactive cells were detected, the cells were always gathered in small cell groups. Small follicles storing PAS-positive colloid were rarely encountered in these regions of young animals. The follicles gradually increased in number and size with age. In contrast to the pars distalis, however, the number of S-100-immunoreactive cells was not increased with age. In senile guinea pigs that exhibited many follicles, only a small number of S-100-immunoreactive cells were observed in these regions ( Figures  5A and 5C ). The distribution pattern of vimentin-immunoreactive cells in aged animals was identical to that in young animals ( Figure 5B ).
The ventrocaudal region in continuity with the pars distalis was different from other portions of the pars tuberalis. It consisted of thick layers of cells and was occupied by cells with clear, watery cytoplasm and distinct cell boundaries ( Figure 6A ). These cells were arranged in cell groups surrounded by a thin connective tissue capsule and frequently formed colloid-containing follicles. The cells lining follicular lumina were cuboidal to columnar in shape and their nuclei had a basal location. In this region, the colloidcontaining follicles were prominent even in young animals. A large number of S-100-immunoreactive cells gathered in small or large cell clusters were found in the ventrocaudal region ( Figure 6C ). Moreover, the epithelial cells lining follicular lumina were immunoreactive for S-lo0 protein ( Figure 6D ). Conversely, vimentinimmunoreactive cells were sparsely dispersed among the S-100immunoreactive follicles or cell clusters as solitary cells ( Figure 6B ).
Ciliated cysts varying in size and luminal content were frequently present in the pars tuberalis ( Figure 6A ). Neither vimentin nor S-100 immunoreactivity was observed in the cyst epithelium ( Figures  6B-6D ). The cyst epithelium expressed immunoreactivity for epidermal keratins.
At late stages of fetal development when vimentin-immunoreactive cells were still few in number throughout the entire length of the pars tuberalis, some S-100-immunoreactive cells gathered in cell groups were detected in the ventrocaudal region ( Figure 7A and 7B). At 5 days after birth, both cell clusters and colloidcontaining follicles immunolabeled with the S-100 antiserum became prominent in the ventrocaudal region ( Figures 8A and 8B ).
Discussion
This study constitutes the first report of the presence of vimentin in chromophobe cells of the pars tuberalis. Furthermore, the localization of S-lo0 protein was found in a novel cell type in the ventrocaudal region of the pars tuberalis. Both S-100 protein and vimentin are closely related to the nervous system; they appear in the glial lineage. The pars tuberalis surrounds the median eminence and infundibular stalk. Large numbers of vimentin-immunoreactive cells were distributed along the entire length of the pars tuberalis except for the ventrocaudal portion. The following immunoelectron microscopic study (Kameda, 1996) , using the postembedding immunogold method, demonstrates that gold particles for vimentin are localized on the intermediate filaments of both interstitial cells and specific secretory cells in the pars tuberalis. It is known in a variety of cell types, i.e., endodermal, muscular, glial, and neuronal precursor cells, that vimentin is co-localized with other kinds of intermediate filaments during cell differentiation (see Kameda, 1995 for references). The specific intermediate filaments increase in number, but vimentin disappears or declines in these cells with age. Vimentin expression by the pars tuberalis cells in mature animals may reflect a phenotypical adaptation to their peculiar environmental condition, i.e., close apposition to the neural tissue surface.
In contrast to the pars distalis, in which vimentin and S-100 protein were co-localized in the folliculostellate cells, in the pars tuberalis these proteins were expressed in different cell types. Vimentinimmunoreactive cells were distributed throughout the pars tubera h , whereas S-100 immunoreactive cells were concentrated in the ventrocaudal region in continuity with the pars distalis. The vimentin cells were mostly distributed as solitary cells and frequently exhibited long cell processes, whereas S-100 cells were gathered into cell groups and frequently formed colloid-containing follicles. It is clarified in the following immunoelectron microscopic study (Kameda, 1996) that localization of S-100 protein is restricted to this novel cell type packed with vesicular inclusions.
Folliculostellate cells of the hypophyseal pars distalis extend thin cytoplasmic processes that encircle adjacent granulated cells and comprise a supporting framework. The cells of guinea pigs are characterized by an abundance of intermediate-sized filaments (Kameda, 1991; Nickerson, 1974) . They often display large bundles of intermediate filament aggregations in the cytoplasmic processes and somata. This immunohistochemical study demonstrated that intermediate filament protein of the guinea pig folliculostellate cells consists of vimentin. A majority of folliculostellate cells were intensely labeled with the vimentin MAb throughout life.
The presence of folliculostellate cells during fetal development has been reported in the human adenohypophysis by electron microscopy (Fukuda, 1973) . However, little information is available b Figure 6 . The ventrocaudal region of the pars tuberalis surrounding the infundibular stalk (IS) from (A-C) 3-month-old and (D) 6-month-old guinea pigs. (A) PAShematoxylin staining. This area is composed of specific cells that show watery clear cytoplasm and distinct cell boundary. The cells form colloid-containing follicles. cyst. (B,C) Consecutive sections stained by the streptavidin-biotin-peroxidase method with the vimentin MAb (6) or the SI00 protein antiserum (C). Vimentinimmunoreactive cells are sparse, whereas 5-100 immunoreactive cells gathered in large or small cell groups are prominent. Follicular epithelium (arrows) is immunoreactive for 5-100. Cyst epithelium (C) shows neither vimentin nor S-100 immunoreactivity. about the immunohistochemical differentiation of the cells during fetal development. In the rat pars distalis, S-100-immunoreactive cells have been reported to appear at 10 days after birth (Shirasawa et al., 1983) . Hormone-producing cells of the rat pars distalis develop from 15 days of gestation (Watanabe and Daikoku, 1979) . The present study revealed that in the guinea pig pars distalis, vimentin-immunoreactive cells appeared at mid-gestation and welldeveloped reticular frameworks of the vimentin-immunoreactive cells were formed at late stages of fetal development. It appears that the folliculostellate cells are already functioning as supporting cells during late gestation periods. Therefore, vimentin is an excellent marker for folliculostellate cells of the guinea pig pars distalis during ontogenesis and during adult life.
C,
In addition to vimentin immunoreactivity, folliculostellate cells of the guinea pig pars distalis expressed immunoreactivity for S-100 protein. However, S-100-immunoreactive folliculostellate cells, were few in number compared with vimentin-immunoreactive cells. Furthermore, S-100 immunoreactivity in the folliculostellate cells appeared much later than vimentin immunoreactivity during development.
In the pars distalis of bats, dogs, and guinea pigs, the folliculostellate cells have an ability to form colloid-containing follicles (Kameda, 1991; Anthony and Gustafson, 1984; Kagayama, 1965) . In the guinea pig pars distalis, the follicles that store PASpositive colloid begin to appear at 6 months after birth, gradually increase in number with age, and become numerous in senile animals (Kameda, 1991) . The formation of colloid-containing follicles in the guinea pig pars distalis appears to be an aging phenomenon. Conversely, in the guinea pig pars tuberalis the colloidcontaining follicles are detected even in juvenile animals, although the follicles increase in number and size with age (Kameda, 1990) . Particularly in the ventrocaudal region, many follicle structures are present in young guinea pigs. In the pars distalis, few S-100 immunoreactive cells were observed during fetal development, whereas in the ventrocaudal portion of the pars tuberalis the cell groups immunoreactive for S-100 were present at late gestational stages and became numerous at 5 days after birth. Furthermore, many follicles formed by the S-100-immunoreactive cells were detected at this age. Therefore, the developmental pattern of S-100-immunoreactive cells in the pars tuberalis is different from that of the folliculostellate cells of the pars distalis.
S-100 protein is an acidic, water-soluble protein originally isolated from bovine brain, which belongs to the family of calciumbinding proteins. Initially, S-lo0 protein was considered to be specific to glial cells and Schwann cells, but subsequent studies have reported that the protein is widely distributed in a variety of cell types (Haimoto et al., 1987; Vanstapel et al., 1986) . Structurally, S-100 protein consists of dimers of the aand @-subunits, and three forms, S-100ao (aa), S-100a (a@), and S-loob (@@), have been identified (Isobe and Okuyama, 1981) . In addition to the folliculostellate cells of the adenohypophysis, many cell types immunoreactive for S-100 protein, i.e., astrocytes, Schwann cells, stellate cells of the adrenal medulla, Langerhans cells in skin, Muller cells in retina, and dendritic cells of lymphoid organs, are stellate in shape and exhibit a well-developed cytoskeleton, showing aggregations of microfilaments and microtubules (Cocchia et al., 1983; Cocchia, 1981) . It has been suggested that a possible role for S-100 protein in these cells may be mediated by its ability to interact with the cytoskeleton. Immunoreactivity for S-100 protein has been demonstrated on the filamentous structures in cultured Schwann cells at the electron microscopic level (Rambotti et al., 1990) . Furthermore, S-100 protein has been reported to affect the in vitro assembly and disassembly of microtubules and to modulate the phosphorylation of several proteins (Donato et al., 1986; Oi and Kuo, 1984) .
In contrast to the folliculostellate cells extruding long cell processes, S-100-immunoreactive cells in the pars tuberalis were oval to columnar in shape. These cells were filled with distended cisternae of RER and also exhibited well-developed Golgi complexes (Kameda, 1990 (Kameda, , 1996 . The S-100-immunoreactive cells in the pars tuberalis are believed to be in a stage of active secretion. S-100 immunoreactivity has been demonstrated in glandular tissues, such as salivary, mammary, and lacrimal glands (Kivela, 1992; Haimoto et al., 1987) . In the secretory cells, the S-100 protein is assumed to be related to secretory function in the calcium-mediated process.
S-lOO@ is known to be released from glial cells and has neurotropic activity (Van Eldik and Zimmer, 1987) . It stimulates neurite outgrowth of cortical neurons and also promotes motor neuron survival in chick embryos (Bhattacharyya et al., 1992; Winningham-Major et al., 1989) . Furthermore, astrocytosis and neurite proliferation have been reported to occur in transgenic mice expressing elevated levels of S-lOOfi (Reeves et al., 1994) . This raises the possibility that S-100 protein secreted by the pars tuberalis cells serves as a trophic factor for the neighboring nerve tissues.
Ciliated cysts are frequently detected in the guinea pig pars tuberalis (Kameda, 1990) . Some epithelial cells of the cyst walls contain abundant intermediate filaments. However, neither vimentin immunoreactivity nor S-100 immunoreactivity was detected in the cyst epithelium. 
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